The papers in this Special Issue originated from Fan 2015, an international conference on air movement fan noise, technology and numerical methods. 1 The conference was held in Lyon, France from 15th to 17th April 2015 at the L'Espace Teˆte d'Or. The papers were selected for this Special Issue following a rigorous review process, which established that they are of Journal quality.
The first international symposium on fan noise was held in September 1992 in Senlis, France; the second also in Senlis, September 2003 and the third in Lyon, September 2007. In 2012 the scope was broadened to include papers on all aspects of air movement fan technology. The symposium was thus expanded into a conference and renamed Fan 2012 in Senlis, April 2012.
The objective of this series of symposia and conferences is to present the latest developments in air movement fan technology. It also provides a forum for the air movement fan community to meet, discuss and reach consensus on those issues that they must address. By the close of Fan 2015 there was a broad based acceptance amongst attendees that for the first time the air movement fan community is being regulated in Europe and by the end of the decade will be regulated in the USA. The resulting consensus was that minimum allowable efficiency levels are sufficiently high, and that computational design and analysis methods originally developed within the aerospace community must now be applied to the design of air movement fans to achieve further improvement. Empirical and semi-empirical methods have reached the limit of their capability and therefore are not able to facilitate the improvement in fan efficiency needed to comply with current and forthcoming regulation.
As the conference has developed, the Organising Committee's policy has always been to seek good quality papers rather than the greatest numbers of papers. That is reflected in the standard of the papers in this Special Issue. The six papers in this Issue contain highquality experimental work and the results of computational fluid dynamic (CFD) studies. This contrasts with the general trend in published turbomachinery papers, which are dominated by CFD studies with unfortunately little attention to validation or to novel experimental work. 2 Moreau et al. 3 conducted an experimental and numerical investigation characterising the noise mechanisms of an air movement fan. Measurements were made with a fan rotating and when static, whilst ensuring that in both cases Mach number and Reynolds number were kept constant. This combination of test methods facilitated the generation of a unique aero-acoustic data set that the authors then used to characterise fan blade trailing-edge noise. The comparison between static and rotating data sets enabled the authors to conclude that fan casing pressure, in the blade trailing edge region, was not influenced significantly by the effects of rotation. The test bed developed by the authors for making the experimental and numerical noise measurements was concluded to be suitable for general application when characterising the acoustic performance of a wide range of air movement fans.
Heinrich et al. 4 conducted an experimental and numerical investigation of a gearless one-motor contra-rotating fan. Traditionally counter-rotating fans have been used in applications requiring a higher design pressure ratio than can be achieved in a single stage fan. The two rotors move in opposite directions for the counter-rotating fan. The research reported in this paper presents a single motor concept with one shaft driving both fan impellers. The motors internal rotor is connected to one fan stage and the external rotor of the motor is connected to the other. Performance of the new contra-rotating fan concept was both measured experimentally and predicted using a multiple reference frame approach. Fan efficiency was shown to be higher than a single-stage fan with guide vanes. The authors attributed this increase in efficiency to the novel concept that inherently results in motor torque being evenly distributed between the two impellers.
Sheard and Daneshkhah 5 studied the conceptual design of reversible axial tunnel ventilation fans; specifically focusing on the relative merit of counterrotating fans when compared to single stage fans with guide vanes. Counter-rotating fans have inherently lower levels of exit swirl than a single stage fan with guide vanes. The lower levels of exit swirl result in less wasted kinetic energy that in turn leads directly to higher fan efficiency. However, in air movement applications counter-rotating fans are not favoured as they are classically configured from two fans in series rotating in opposite directions. The resulting package size is large compared to a single stage fan with guide vanes but similar when a motor concept is available with the motors internal rotor connected to one fan stage and the external rotor connected to the other. The motor concept of Heinrich et al. 4 therefore offers the possibility of offering the inherently more efficient counter-rotating fan configuration in the same package size as a single stage fan with guide vanes.
Augustyn et al. 6 conducted an experimental and numerical investigation into the accuracy of the fan scaling laws when applied to large diameter axial flow fans. The axial fans applied in air-cooled steam condenser applications are typically ten meters in diameter. Fan performance was established by testing a 1.25 meter model of the fan, and then using the fan laws to scale model performance to full size fan performance. However, the difference between model and full size fan diameter is large enough for Reynolds number effects to be potentially significant, degrading the accuracy of the resulting prediction of full size fan performance. In this paper the authors measured the performance of a 1.25 meter model of a 10.36 meter fan. They then used both the fan laws and numerical simulation to predict performance of the 10.36 meter fan. The numerical prediction was between two and five percent higher than the scaled performance. The authors attributed this difference to the fan laws not taking Reynolds number effects into account.
Corsini et al. 7 studied the practicality of using lowcost pressure sensors in an acoustic stall detection system. The study compared measurements taken using a low-cost dynamic transducer and a precision piezoelectric sensor costing approximately 100 times more than the dynamic transducer. Measurements with each transducer were taken as an axial fan was driven into rotating stall. The measurements were then analysed, with the data recorded using each transducer being shown to be sensitive enough to enable the identification of key features within the measured signals indicative of rotating stall. The authors therefore concluded that the low-cost dynamic transducer was a good candidate for incorporation into a stall-warning system suitable for application in monitoring air movement fans.
Aldi et al. 8 contend that small industrial fan efficiency is generally low compared to current and forthcoming regulatory requirements. In response they propose a three-dimensional optimisation process to improve fan efficiency. The authors present a monodimensional design and three-dimensional optimisation method based on the use of numerical simulations. They predict the performance of an existing Sirocco fan and a backward-curved centrifugal fan, advocating that an optimised backwards-curved centrifugal fan has the potential for significantly higher efficiency than the existing or optimised Sirocco fan. An experimental assessment of the optimised backwards-curved centrifugal fan demonstrates that it does have higher efficiency. Critically that efficiency is high enough to exceed the minimum allowable efficiency mandated by European Commission Regulation 327.
Masi et al. 9 studied the use of controlled vortex blading when attempting to increase the efficiency of a rotor-only axial fan. Air movement fans have classically been designed around a free vortex aerodynamic design. Free vortex blades may be cut down and used with a variety of fan and hub diameter combinations. However, blades based on a controlled vortex design can significantly increase a fan's pressure rise capability, resulting in the possibility of using a smaller diameter fan for a given duty point. The authors consider controlled vortex blade loss mechanisms and advocate a design methodology aimed at minimising losses though the blade-to-blade passage. The authors conclude that the resulting design methodology can increase fan efficiency by five percent compared to a classical controlled vortex design methodology.
We are confident that you will find the papers in this Special Issue on air movement fan noise, technology and numerical methods interesting, stimulating and useful. The next conference in the series, Fan 2018, will be held in Darmstadt close to Frankfurt, Germany in April 2018. More information about Fan 2018, its organising and scientific advisory committees can be found at the conference web site:
Fan2018.org
